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Yeast  is widely used  in  fermentation processes  in  the winemaking, brewing, distillery 
and  baking  industry,  as  well  as  in  the  biotechnological  processes,  including  biomass 
production. The metabolic  change  speed  of  yeast  Saccharomyces  cerevisiae  (e.g.  baker’s 
yeast) depends on the oxygenation conditions. The data from the relevant literature indicate 
that  the appropriate  system oxygenation significantly  increases  the biomass production as 









Experimental  studies  were  conducted  in  a  vessel  of  the  diameter  of  0.288  m.  The 
vessel was filled with  a  liquid up  to  the height H = T. The agitated vessel was  equipped 
with Rushton  (Z = 6) or A 315  impeller  (Z = 4). The  impeller was placed at  the distance 
h = 0.33H  from  the flat bottom of  the vessel. Gas was  introduced  into  the  liquid  through 
a  ring-shaped  sparger  of  diameter  dd  =  0.7d.  The  sparger  was  located  at  a  distance  of 
e = h/2  from  the bottom of  the vessel. The  liquid phase was aqueous  solution of  sucrose 
with mass concentration of 1, 2.5, 5 or 10%. Air was used as a gas phase. As a biophase 
was used the suspension of the yeast with concentration of 1%.
The  physical  parameters  in  the  system  (liquid  phase  or  liquid-biophase  system) 
changed in the following ranges: dynamic viscosity h [Pas] ∈ <1 × 10‒3; 3.3 × 10‒3>, density 
r [kg/m3] ∈ <1000; 1041>, surface tension s [N/m2] ∈ <0.072; 0.08>. The measurements 
were performed within the turbulent liquid flow in the vessel (Re ∈ <20000; 115000>) for 
five  values  of  the  gas flow  rate Vg  (Vg  [m









speed n, the sucrose concentration x and type of impeller on the gas hold-up j were analysed 
on the basis of approximately 1300 measurement points obtained in the study.
The impact of the impeller speed n on the gas hold-up j for both Rushton turbine and 
A315  impeller  is  presented  in  Fig  1  for  different  values  of  superficial  gas  velocity  wog 
and  both  gas-liquid  and  gas-liquid-biophase  systems  by means  of  the  function j  =  f (n). 
If  the  impeller  speeds are  increasing  in  the whole measurement  range,  the gas hold-up  is 
from  two  to  three  times higher.  It  has  been proven  that  the  impact  of  the  impeller  speed 
on the gas hold-up is higher for the vessel with the Rushton turbine.













The  effect  of  the  superficial  gas  velocity  wog,  the  impeller  type  and  the  sucrose 
concentration x on the gas hold-up is illustrated in Figs. 2 and 3 by means of the dependence 
j=  f (Kg)  for  both  gas-liquid  and  gas-liquid-biophase  systems. The  higher  the  superficial 
gas velocity, the lesser the impact of the gas flow number Kg on the gas hold-up. Assuming 
a  constant  value  of  Kg,  the  increase  of  the  superficial  gas  velocity  wog  results  in  the 
approximately 50% increase in the gas hold-up j. In the case of the lower value of the gas 
flow rate, the highest j values were obtained for the vessel with Rushton turbine impeller.
The  impact of  the  impeller  type on  the gas hold-up decreases with  the  increase of  the 
gas flow rate in the system. From the comparison of the values related to the gas hold-up 
for the 1% sucrose-air system and 10% sucrose – air system, it can be concluded that the 
Fig.  2.  The  dependence  j  =  f (Kg)  for  the  systems:  ♦,  ■,  ▲,  ●  ‒  1%  aqueous  solution 








-up by about 20%. In  the case of  the gas-liquid system,  it has been observed that sucrose 
concentration has a greater impact on the gas hold-up for the vessel with the A 315 impeller. 
The opposite situation occurs when the yeast have been added to the system. In such a case, 




Fig. 4. For a constant value of gas flow number Kg,  it has been concluded  from  the data 
in  Fig.  4  that  the  adding  1%  yeast  suspension  to  the  gas-liquid  system,  slightly  affects 
the  value  related  to  the  gas  hold-up. This  effect  depends  additionally  on  the  type  of  the 
impeller used.
Fig  3.  The  dependence  j  =  f (Kg)  for  the  systems:  ♦,  ■,  ▲,  ●  ‒  1%  aqueous  solution 
of  sucrose –  air – 1% suspension of  the yeast; ◊, □, ∆, ○, ‒ 10% aqueous  solution 








Due  to  the  small  impact  of  the  yeast  suspension  concentration  in  the  system,  the  gas 
hold-up j is described by means of the dependence including the gas flow number Kg, the 
Weber number We and the sucrose concentration x in the system






The coefficient value a and the b, c, d exponents are shown in the Table 1.
Fig.  4.  The  dependence  j  =  f (Kg)  for  the  systems:  ♦,  ■,  ▲,  ●  ‒  5%  aqueous  solution 
of sucrose – air; ♦, □, ∆, ○, ‒ 5% aqueous solution of sucrose – air – 1% suspension 
of  the  yeast;  ♦, ◊  ‒  wog  =  1.67  ×  10






Ta b l e  1
Values of coefficient a and exponents b, c, d in Eq. (1)
No. Impeller a b c d +D%
1-1 Rushton turbine 2.253 × 10‒4 0.13 0.82 2.16 8
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